Purpose Given the increasing number and diversity of cancer survivors in the USA and persistent racial/ethnic disparities in breast cancer care, we sought to examine the role of acculturation in adherence to recommended surgical treatment and survivorship care recommendations. Methods Study participants included 343 Mexican American women with stage I to III breast cancer who participated in the Ella Binational Breast Cancer Study and were treated at The University of Texas MD Anderson Cancer Center in Houston, Texas, between March 2007 and June 2011. Participants completed a questionnaire measuring acculturation, and clinical and demographic variables were obtained from an institutional database. Multivariable logistic regression models were constructed to examine differences in surgical procedures received and adherence to long-term survivorship care by acculturation level. Results Bilingual (odds ratio [OR] = 1.85; 95% confidence interval [CI] = 0.85-4.02, P = .11) and English-dominant women (OR = 2.39; 95% CI = 1.02-5.61, P = .04) were more likely to receive breast-conserving surgery (versus mastectomy) than were Spanish-dominant women. Among all patients, adherence to surveillance mammography and clinic visits decreased over time; the decline in clinic visit adherence was statistically significant (P = .005). Although no statistically significant association was found between acculturation and adherence to long-term survivorship care, receipt of breast-conserving surgery (versus mastectomy) was significantly associated with higher adherence to surveillance mammograms. Conclusion Acculturation may play a role in decision-making about surgical management of breast cancer, and further studies with larger samples are needed to explore its role in adherence to survivorship care recommendations. Findings from this study may help identify patients requiring additional support while making decisions pertaining to their cancer treatment and survivorship care.
Introduction
Hispanics are the second largest racial/ethnic group and the largest racial/ethnic minority group in the USA, accounting for 17.6% (56.6 million of 318 million) of the total US population in 2016 [1, 2] . Cancer is the leading cause of death among Hispanics, and breast cancer is the most commonly diagnosed cancer and leading cause of cancer death among Hispanic women [1, 3] . Given their rapidly increasing numbers, substantial differences in cancer incidence and mortality when compared to non-Hispanic whites (NHWs), and vulnerability to cancer inequalities, it is imperative to study patterns of cancer care and associated behaviors in the US Hispanic population [1, 3, 4] .
Hispanics are diverse in terms of country of origin, immigrant status, degree of acculturation, ancestral history, and demographic characteristics [1] . However, studies often report cancer data in aggregate, thereby masking significant differences among various Hispanic subpopulations [1] . The few studies that examine sub-population level disparities reported sizable differences in cancer incidence and death rates among Hispanic subpopulations. Therefore, it is important to study factors potentially contributing towards such diversity in cancer care within Hispanic subpopulations [5] . Although Mexican Americans have lower breast cancer incidence rates relative to non-Hispanic Whites and other Hispanic subpopulations (such as Puerto Ricans or Cubans) [6] , they have the highest proportion of deaths from breast cancer relative to all other Hispanic subpopulations [5] and they form the largest subgroup (64.3%) among US Hispanics [1] .
Disparities in receipt of cancer treatment and adherence to surveillance care contribute to differences in the health outcomes of breast cancer survivors. The type of treatment received for primary breast cancer is an important determinant of a patient's long-term health status [7] . Similarly, breast cancer survivorship care, which includes continued disease surveillance with mammograms and clinic visits, offers an opportunity to reduce complications and detect metastases or recurrences at an early stage [8, 9] . Established disparities in these cancer care behaviors among Hispanics often stem from their disproportionately lower educational and socioeconomic levels, younger age at diagnosis, immigrant status, and higher barriers to health care [1] . Understanding the causes of these disparities provides opportunities to improve our understanding of cancer behaviors among this population.
Additionally, given that immigration may exacerbate racial/ethnic disparities in adherence to breast cancer care, it is important to study these behaviors in immigrant populations using a framework that goes beyond the traditional racial/ ethnic categories, especially among immigrant populations [8, 10] . BCulturally appropriate care^is treatment that is consistent with the patient's basic values and cultural structure [11] . As immigrants adapt to new sociocultural environments, they often tend to modify their behavior and attitudes to conform to those of the host culture, a process known as acculturation [12] . Interest in studying the impact of acculturation on immigrant health behaviors has increased as the Hispanic population in the USA has grown [13, 14] . Examining whether and how acculturation affects the type of cancer treatment patients receive and how they adhere to breast cancer surveillance care will contribute to our understanding of the sources of disparities in cancer outcomes.
Breast-conserving surgery (BCS) followed by adjuvant radiation or mastectomy is a recommended surgical procedure for patients with a confirmed diagnosis of early-stage breast cancer [15] . Randomized trials have reported no significant difference in overall and relapse-free survival rates in patients receiving BCS plus radiation and those receiving mastectomy [16] [17] [18] . Although use of BCS is accompanied by higher treatment satisfaction, better body image, and improved quality of life [19, 20] , studies have shown a constant rise in use of mastectomy since the early 2000 among patients eligible to receive a BCS and among populations including the Hispanic community [21] . Studies investigating the decision-making process related to breast surgery have attributed this change to patient misperceptions of subsequent health outcomes from adjuvant radiation after BCS [16, [22] [23] [24] [25] [26] [27] , and perceived concerns around survival and recurrence in the intact breast [16, 22, [24] [25] [26] [27] . Among minority populations, breast cancer treatment decisions may also be influenced by the patient's belief that they lack the knowledge and expertise to decide for themselves and being in agreement with their physician's recommendation may guarantee receipt of good treatment [24, 25] . The role that acculturation plays in choice of breast surgery among Mexican American women has not been well studied. Additionally, despite the reported value of surveillance mammograms and follow-up clinic visits [28] , previous studies reported inadequate adherence to these survivorship care recommendations among minority populations, including Hispanic breast cancer survivors [8] .
The purpose of this study was to (a) examine whether the level of acculturation was associated with receipt of BCS (compared to mastectomy) as definitive local treatment for breast cancer among Mexican American women in Texas and (b) examine the role of acculturation and other demographic factors in patients' adherence to breast cancer survivorship care.
Methods

Data source and participants
The study used data from the Ella Binational Breast Cancer Study (Ella Study). A description of the study design and recruitment strategy has been previously published [3] . Briefly, the Ella Study is a case series of women of selfreported Mexican descent who were 18 years of age or older and had been diagnosed with invasive breast cancer 24 months prior to enrollment. The study's aim was to compare risk factor patterns, disease phenotypes, and clinical characteristics among Mexican Americans in the USA and those living in Mexico [3] . Participants were recruited from three study sites in Mexico and two in the USA, one of which was The University of Texas MD Anderson Cancer Center in Houston, Texas [29] . Recruitment at all sites took place from March 2007 through June 2011 and used a predominantly clinic-based recruitment strategy and the same procedures, recruiters, and data collection instruments [30] . For this analysis, we included Mexican American women enrolled at MD Anderson who had a diagnosis of unilateral stages I-III breast cancer (as defined by the American Joint Committee on Cancer Staging Manual, 6th edition) [31] . The institutional review board at MD Anderson approved the study, and all participants provided written informed consent [29] .
Measuring covariates
Trained bilingual interviewers administered the Ella Risk Factor Questionnaire (RFQ) in English or Spanish, depending upon the participant's preference [3, 30] . The RFQ was used to collect information on sociodemographic characteristics such as age at diagnosis, education, insurance status, receipt of screening mammograms prior to diagnosis, and other breast cancer risk factors; it also included questions on acculturation. Information about clinical variables, e.g., cancer stage, type and date of breast surgery (BCS or mastectomy), and clinical outcomes (recurrence, death) were obtained from the Breast Cancer Management System database at MD Anderson, which captures clinical data from all breast cancer patients seen at the institution.
Measuring acculturation
The measure of acculturation used in the Ella Study was Marin and Gamba's [30, 32] Bidimensional Acculturation Scale (BAS), which has been validated in Hispanic populations [33] [34] [35] . To measure the level of acculturation, the Ella RFQ included two orthogonal, four-item measures of cultural orientation. One scale assessed the degree of English language use and exposure, and a second scale assessed the degree of Spanish language use and exposure [30] . Each of the eight items was scored on a five-point scale ranging from 1 (never) to 5 (always). Both English (Cronbach's α = 0.94) and Spanish (Cronbach's α = 0.94) acculturation scales had high internal consistency and reliability, and the scales were moderately inversely correlated (ρ = − 0.33, P < .001) [30] . Participants who completed both scales were placed into one of three acculturation groups using the recommended mean cutoff score of 2.99 for both scales: (1) bilingual (mean score ≥ 3.0 on both the English and Spanish scales), (2) Spanish-dominant (mean score ≥ 3.0 on the Spanish scale only), and (3) English-dominant (mean score ≥ 3.0 on the English scale only) [30] . The Spanish-dominant group was considered the least acculturated and served as the reference group in our analysis. This method has been previously employed to compare levels of acculturation among Hispanics of varying levels of acculturation [29, 30] .
Metrics for adherence to survivorship care guidelines
We used the MD Anderson Enterprise Institutional Warehouse for Current Procedural Terminology professional and technical charge codes to determine the frequency of surveillance mammograms and clinic visits after the completion of active treatment for each study participant. We obtained data for at least 4 initial years of survivorship care. The start of follow-up in survivorship care was defined as the time of the first clinic visit or mammogram that occurred between 7 and 20 months after the start of first treatment for breast cancer (surgery or systemic therapy). Patients were excluded if they did not have a mammogram or clinic visit during this period or experienced a new breast cancer event (new primary breast cancer, locoregional reoccurrence, metastasis, or death) [8] . These criteria were applied to ensure that patients included in the analysis had completed their initial primary treatment for breast cancer and that the goal of mammography and clinic visits was breast cancer survivorship care. Once a patient was entered into the analysis, she was observed for mammogram use and clinic visits until the end of surveillance (i.e., 4 years from the first mammogram performed between 7 and 20 months after the start of treatment) or until she experienced a new breast event. Patients included in the analysis of the association between acculturation and receipt of surveillance mammograms could not have undergone bilateral mastectomies before the end of the surveillance year. We considered clinic visits to the Breast Medical Oncology, Breast Surgery, and Radiation Oncology departments and the Cancer Prevention Center as survivorship care visits. Patients were considered adherent to mammogram guidelines if they had at least one mammogram per year during the survivorship follow-up period. Full adherence to clinic visit guidelines was conservatively defined as a mean of two or more clinic visits per year during the survivorship follow-up period.
Statistical analyses
Descriptive statistics included frequencies and percentages for all categorical variables. Chi-square tests were used to examine associations between acculturation levels and other patient characteristics. Multivariable logistic regression models were constructed to examine the association between acculturation and three separate outcomes: (1) receipt of BCS versus mastectomy; (2) adherence to surveillance mammography; and (3) adherence to surveillance clinic visits. Variables with P values < .05 for Wald statistics of maximum likelihood estimates in the univariable analysis were retained in the final multivariable model for that outcome. We also examined potential interactions between education, area of residence, and insurance status with acculturation in all analyses [36] ; any interaction term with P < .05 was retained in the final model for that analysis. All P values were reported at a two-sided significance level of .05. Data were processed and analyzed with Stata software version 13.1 (StataCorp, College Station, Texas).
Results
Patient characteristics
Of the 384 Ella Study participants recruited at MD Anderson, 343 were included in the initial analysis (Fig. 1) . At the time of enrollment, most participants were ≤ 65 years of age and had an education level of high school or less (55%). Fifty-two percent resided within the Houston metropolitan area and had private health insurance (61%). Most participants (75%) had stage I-II breast cancer at diagnosis. Forty percent received BCS and 60% received mastectomy. Bilingual and English-dominant women were more likely to have greater than high school education (P < .001) and private health insurance (P < .001) than were Spanish-dominant women (Table 1) . Spanish-and English-dominant women were more likely to reside within the Houston metropolitan area (P < .001) than were bilingual women.
Acculturation and receipt of BCS versus mastectomy
A total of 343 participants were included in this analysis. In the univariable analysis, patient characteristics that were significantly associated with receipt of BCS (compared to mastectomy) included age (P = .003), education (P = .005), and stage at diagnosis (P < .001). Although insurance status and area of residence were not significant in the univariate analyses, we retained these variables in the final model because they can be associated with the type of surgery patients receive [37, 38] . In the adjusted multivariable analysis, bilingual women (odds ratio [OR] = 1.85; 95% confidence interval [CI] = 0.85-4.02; P = .11) and English-dominant women (OR = 2.39; 95% CI = 1.02-5.61; P = .04) had higher odds of receiving BCS than did Spanish-dominant women (Table 2) . Additionally, women between 51 and 65 years of age (P = .01) were significantly more likely to receive BCS than those ≤ 50 years. Women with education beyond high school (P = .01) and more advanced disease stage at diagnosis (stages II and III; P = .001 and P < .001, respectively) were less likely to receive BCS. Acculturation and adherence to breast cancer survivorship care
Although the percentage of participants who adhered to both recommended surveillance mammography and clinic visits decreased as the length of survivorship increased, the decline was statistically significant only for clinic visits (P = .005) (Fig. 2) . Overall, the study population was adherent, with 67% adhering to the recommended yearly surveillance mammograms and 71% adhering to recommended follow-up clinic visits. A moderately positive correlation was observed between adherence to surveillance mammography and adherence to clinic visit guidelines (Pearson's correlation = 0.3838; P < .0001). The analysis of associations between acculturation and adherence to surveillance mammograms included 280 patients. In the univariable analysis, age (P = .01), education (P = .01), area of residence (P = .02), and receipt of screening mammogram prior to breast cancer diagnosis (P = .04) were significantly associated with adherence to surveillance mammography. Additionally, type of surgery received (BCS compared to mastectomy) was significantly associated with adherence to surveillance mammography (P < .001). In the adjusted multivariable model, we found no significant association between acculturation and adherence to surveillance mammogram (Table 3) . Although bilingual women (OR = 1.54; 95% CI = 0.64-3.73) had higher odds of undergoing yearly surveillance mammograms than Spanishdominant women, this relationship was not statistically significant. Women who received BCS had significantly higher odds (OR = 3.55; 95% CI = 1.81-6.96) of being adherent to recommended yearly surveillance mammograms compared to women who received unilateral mastectomy. Additionally, women with >high school education (OR = 0.35; 95% CI = 0.13-0.91; P = .03) and those living outside the Houston metropolitan area (OR = 0.53; 95% CI = 0.29-0.98; P = .04) were significantly less likely to adhere to the surveillance mammograms.
The analysis of associations between acculturation and adherence to clinic visits included 291 patients. In the univariable analysis, area of residence (P = .003) and stage at diagnosis (P = .04) were significantly associated with adherence to follow-up clinic visits. In the adjusted multivariable analysis, patients with private compared to public health insurance (OR = 2.40; 95% CI = 1.22-4.71; P = .01) and with stage II compared to stage I disease at diagnosis (OR = 2.06; 95% CI = 1.05-4.05; P = .03) were significantly more likely to adhere to the clinic visits. Those living outside the Houston metropolitan area (P = .003) were significantly less likely to adhere to these recommendations. There was no significant association between the level of acculturation or type of surgery received with adherence to clinic visits.
Discussion
Treatment decisions for patients with early-stage breast cancer are complex and often are associated with various clinical, institutional, and physician-related factors. These decisions may also vary according to the patient's demographic characteristics, including age, race/ethnicity, or, in the case of immigrants, level of acculturation into the USA. Our study examined the role of acculturation and other demographic and clinical factors in decisions related to surgical management of breast cancer and adherence to long-term survivorship care among Mexican American women residing in the state of Texas. We found that women with a higher level of acculturation (English-dominant women) were significantly more likely to receive BCS (compared to mastectomy) than were less-acculturated women; however, level of acculturation did not predict adherence to long-term survivorship care. These findings suggest that acculturation plays a role in surgical decision-making related to breast cancer and future studies with larger samples are needed to explore its role in adherence to survivorship care recommendations.
To our knowledge, only three studies have previously explored the association between acculturation and receipt of BCS or mastectomy; none were focused on Mexican American women. The findings by Gomez et al. [39] were consistent with our results, suggesting that patients with a higher level of acculturation tend to prefer BCS over mastectomy. However, the primary goal of that study was to examine ethnic differences among patients receiving mastectomy, BCS, or no surgery, and the authors determined that only a small part of the difference in receipt of any of these surgical procedures was explained by acculturation [39] . Additionally, they used time since immigration and language use as proxy measures of acculturation, a method that failed to capture other key elements of acculturation. Hawley et al. [22] found no statistically significant difference in the likelihood of undergoing mastectomy or BCS among women with different levels of acculturation. They used a unidimensional scale to measure acculturation, such that losses in one cultural orientation were considered to be simultaneous gains in the other, reflecting an oversimplified assumption that acculturation is a linear process. More recently, in 2011, Kaplan et al. [40] used language use as another proxy measure for acculturation and found no difference in receipt of mastectomy and BCS by ethnicity or language preference. Our Italicized P values were statistically significant at P<0.05 OR odds ratio, CI confidence interval study used a bidimensional instrument (BAS) that categorized participants into three mutually exclusive acculturation groups (Spanish-dominant, bilingual, and Englishdominant) and captured multiple elements surrounding language preference (including general language use, language proficiency, and language use in media) towards measuring this concept, thereby improving the validity of our findings. Methodology regarding the measure used to assess level of acculturation in our study, including reliability of the measure, has been previously published [30] . Our results reinforce the need to focus on disparities in breast cancer treatment decisions among women with low levels of acculturation.
We found no significant direct association between a patient's level of acculturation and adherence to survivorship care. However, more acculturated women had significantly higher odds of receiving BCS and women who received BCS were in turn significantly more likely to adhere to the recommended surveillance mammograms. Previous research suggested that more acculturated individuals feel less stress from the demands of adjustment to breast cancer and exhibit better health status and health behaviors [41] . Similarly, acculturation has been shown to positively influence women's trust in Western medicine, suggesting that acculturation spurs the adoption of healthy care practices [41] . This evidence suggests that acculturated women may be more inclined to adhere to physician recommendations for long-term survivorship care.
Besides acculturation, other factors were found to be associated with receipt of recommended breast cancer care. Mexican American women who were 51 to 65 years old were more likely to receive BCS compared to mastectomy than were younger women. This finding contrasts with those of previous studies demonstrating that older women are less likely to have BCS [42] [43] [44] ; however, these studies were primarily focused on white women or had samples composed mostly of white women. Gomez et al. evaluated the relationship between socioeconomic status and trend in mastectomy rates among four ethnic groups, including Hispanic women using the California Cancer Registry [39] . In the period 1998-2001, there was a higher proportion of mastectomy that occurred among women in the lowest compared to the highest socioeconomic quartile [45] . BCS is often followed by adjuvant radiation therapy and the additional time and out-ofpocket cost associated with BCS may also influence the decision to undergo mastectomy among lower socioeconomic groups [46] [47] [48] .
In our study, patients with higher education (>high school) were significantly less likely to receive BCS and to adhere to recommended surveillance mammograms. We conducted an exploratory interaction analysis between acculturation and level of education on type of breast surgery received and found no significant interaction. A possible explanation for the finding is that patients with higher education were more likely to reside outside of the Houston metropolitan area, and the increased distance to the treatment facility may have influenced their decision to decline BCS which requires daily travel for adjuvant radiation therapy. Future studies with a larger sample of Mexican American women are needed to assess other unmeasured factors such as transportation or childcare resources that may influence the associations between acculturation, education level, and the receipt of BCS versus mastectomy. We acknowledge that this study had several limitations. The biggest limitation was our sample size, which may have hampered the study's statistical power to determine significant differences. Second, because the analyses were restricted to the information obtained from the Ella Study and MD Anderson databases, we were unable to evaluate the role of other factors that are known to affect treatment decisions and survivorship care, such as income, employment, psychosocial variables, and presence of comorbidities. Third, we used patient self-report data and not ancestral hereditary markers to identify women of Mexican descent which is another potential limitation [5] . Fourth, it is possible that after completion of initial treatment, some patients sought follow-up care (e.g., surveillance mammograms or follow-up clinic visits) from their local health care providers and not at MD Anderson. In order to minimize the bias of considering such a patient as non-adherent, we limited our inclusion criteria to Texas residents who opted to receive their first surveillance mammogram and follow-up clinic visit at MD Anderson. Lastly, although we used a reliable and previously validated bidimensional scale to measure acculturation, we acknowledge that multidimensional acculturation scales [49] may better capture the complexity of acculturation and should be used in future studies investigating the association between acculturation and receipt of breast cancer care.
Despite these limitations, our findings suggest that acculturation may play a significant role in the receipt of initial surgical treatment for breast cancer and that disparities in cancer care may involve cultural factors that extend beyond traditional categorizations of race/ethnicity. The findings are clinically relevant and may inform the development of health interventions focused on eliminating health disparities in cancer care. For example, the use of decision support tools that tailor information to the linguistic and cultural needs of less acculturated Mexican American women may lead to enhanced informed decision-making for breast cancer treatment and survivorship care. Considering the increasing diversity of the US population and the established intra-ethnic heterogeneity in cancer control behaviors among the Hispanic community [5] , it is imperative to understand the influence of cultural values on the overall health of Americans, particularly how they receive cancer care [35] . Such investigations would represent an essential step towards eliminating health disparities.
